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composition are used to conduct printing on a recording 
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Description 

BACKGROUND OF THE INVENTION 
s Reld of the Invention 

The present Invention relates to an Ink jet recording method. More particulaiiy. the present Invention relates to an 
ink jet recording method vkrherein a reaction solution and an ink composition are deposited onto a recording medium. 

10 Background Art 

An ink jet recording method is a prirrting method wherein droplets of an ink compositkHi are ejected and deposited 
onto a recording medium such as paper. This method has a feature that an image having a high resolution and a high 
quality can be realized at a hi^ speed with a relatively inexpensive apparatus. In general, the ink composition used in 

15 the ink jet recorcfing method comprises water as a main conponent and, added thereto, a colorant arxi a wetting agent 
such as glycerin added for prevention of cfogging and other purposes. 

On the other hand, a new Inkjet recording method has t>een recently proposed The new method comprises apply- 
ing a polyvalent metal salt solution onto a recording medium and then applying an ink composition containing a dye hav- 
ing at least one cartxwyl group (ag., Japanese Patent Laid-Open No. 202328/1993). Accorcfing to this method. 

20 polyvalent metal ions comtxne with the dye to form an insoWe composite which can provide an image having water 
resistance and a high quality free from cotor bleeding. 

Further, an ink jet recording method has been proposed wherein a cofor ink containing at least a surfactant or a 
penetrable solvent and a salt for inrparting a penetrating property used in combination with a black ink which cooper- 
ates with the salt to cause thickening or coagulation, theret^ provWing a highK?ua!ity color image having a high image 

25 density and free from color bleeding (Japanese Patent Laid-Open No. 1 06735/1994). More specifically, in thfe method, 
two liquids, i.e., a first liquid containing a salt and a second Fiquki of an ink compositioa are printed to provide a good 
image. 

Furthenmore, other ink jet recording metfKxis wherein two liquids are printed have been proposed, for example, in 
Japanese Patent Uid-Open No. 240557/1991 and No. 240558/1991. 

30 

SUMMARY OF THE INVENTION 

TTie present inventors have now found that in the above Inkjet recording method wherein two Ik^ukte are printed, 
the use of a specific reaction solution in combination with a particular ink composition can provide a good print The 
35 present invention has t>een made based on such finding. 

Accordingly, an object of the present invention is to provide a good image by using an ink jet recording nnethod 
wherein two liqukis are printed. 

The first aspect of the present invention provkJes an ink jet recording method comprising the step of depositing a 
reaction solution and an ink composition onto a recording medium, 
40 wherein the reaction solution comprises a polyvalent metal salt, and 
wherein the ink conpositfon comprises a pigment and a resin enu^n. 

The second aspect of the present Invention provides an ink jet recording method conrprising the step of depositing 
a reaction solution and an ink composition onto a recording medium, 
wherein the reactfon solution comprises a polyallylamine or a derivative thereof, and 
45 wherein the ink compositfon conprises a colorant and a resin enrulsion. 

The third aspect of the present invention prcvkies an ink j^ recording metfKxi comprising the step of depositing a 
reaction solution and an ink composition onto a recording nr^edium, 
wherein the reaction solution comprising a polyvalent metal salt and 
wherein the ink compositfon comprises a colorant arxi an alginic add derivative 
50 The forth aspect of the present invention provkies an ink jet recording method comprising the step of depositing a 
reaction solution and an ink composition onto a recording medium, 

wherein the reaction solution comprises a polyvalent metal salt and a polyol having a vapor pressure of not more than 
0.01 mmHg at 20*C, wherein the content of the polyol is such that the weight ratio of the polyol to the polyvalent metal 
salt is 1 or more, and 
55 wherein the ink compositfon comprises a colorant and a resin emulsion. 

The fifth aspect of ttie present invention provkies an ink jet recording method comprising the step of depositing a 
reaction solution arxi an ink composition onto a recording medium, 

wherein the polyvalent metal salt is conrtposed of nitric acki ion or a salt of carboxylic add ion and polyvalent metal fon. 
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The sixth aspect of the present invention provides an ink jet recording nrmthod comprising the step of depositing a 
reaction solution and an ink conrposition onto a recording medium, 

wherein the reaction solutk)n comprises a polyvalent metal salt and has a surface tension of not nfK>re than 35 mN/n\ 
and 

5 wherein the ink corrposrtion comprises a cok>rant and has a surface tension of not more tfian 40 to 55 mN/m. 

The seventh aspect of the present invention provides an ink jet recording method corrprising the step of depositing 
a reaction solution and an ink composition onto a recording medium, 
wherein the reaction solution comprises a polyvalent metal salt, and 

wherein the ink compositkHi comprising a colorant, water, and an emulsion of a thermoplastk; resin, 
10 the method further compr^ng the step of heating the recording n^edium with the ink composition deposited ther- 

eon to the softening temperature of the thermoplaslic resin a a higher temperature. 

BRIEF DESCRIPTION OF THE DRAWING 

15 Fig. 1 shows an embodiment of the ink j^ recording apparatus according to the present invention, wherein a 
recorcfing head is provided separately from an ink tank to feed an ink conrposition and a reaction sotutk>n into a 
reconfing head through an ink tut>e: 

Rg. 2 ^ an enlarged view showing the surface of nozzles for a recording head, wherein reference character 1 b des- 
ignates the surface of a nozzle for a reaction solution and 1c the surface of a nozzle for an ink composition: 
20 Rg. 3 is a diagram illustrating Inkjet recording using the recording head shown in Fig. 2, wherein numeral 31 des- 
ignates a regk>n where a reaction solution has been deposited ard numeral 32 a prirrted regbn where an ink com- 
position has k)een printed on the deposited reaction solution; 

F\g. 4 shows another emtxxliment of the recording head according to the present invention, wherein all ejection 
nozzles are arranged in lateral directk>n; 
25 Fig. 5 shows an embodiment of the ink recording apparatus according to the present invention, wherein a 
recorcfing head is irrtegral with an ink tank; arxi 

Fig. 6 shows arK3ther embodiment of the ink jet recording apparatus according to the present invention, wherein a 
heater is provided to heat a recording medium after printing. 

30 DETAILED DESCRIPTION OF THE INVENTION 

Ink jet recording method 

The ink jet recording method according to the present invention comprises the step of depositing a reaction solution 
35 and an ink conrposition onto a recording medium. 

In the f aspect of the present inventk>n. the reaction solution comprises a polyvalent metal salt, and the ink com- 
position conprises a pigment, water, and a resin emulsion. 

This embodiment can prevent feathering of an ink and uneven printing on a recording medium. This can aJiso offer 
an additional advantage tfiat uneven cok>r-to-color mixing in the boundary of different colors, which t>ecomes a problem 
40 in a cobr ink j^ recording method, i.a. color bleeding, can be effectively prevented. 

In the second aspect of the present invention, the reaction solution comprises a polyallylamine or a derivative 
thereof, and the ink composition conprises a colorant, water, and a resin emulsion. 

This enrpodiment can prevent feathering of an ink arxi uneven printing on a recording medium and, at the same 
time, offer an additional advantage that color bleeding can b& effectively prevented. 
45 In the third aspect of the present invention, the reaction solution conrprises a polyvalent metal salt, and the Ink com- 
position comprises an alginic acid derivative. 

This embodiment can prevent feathering of an ink and uneven printing on a recording medium, fonm dots having 
high circularity, can realize a high print density. This can also offer an adcfitional advantage that color bleeding can be 
effectively prevented. 

50 In the forth aspect of the present invention, the reaction solution conprises a polyvalent metal salt arxJ a polyol, 
having a vapor pressure of not mote than 0.01 mmhig at 20°C, in such an amount that the weight ratio of the polyol to 
the polyvalent metal salt is 1 or more. 

This reaction solution is stable and is much less likely to aeate precipitates causative of ck)gging of a nozzle. 
Therefore, stable printing can be realized. Further, curling of recording paper can be effectively prevented. 

55 In the fifth aspect of the present invention, the reaction solution comprises a polyvalent metal salt, and the ink com- 
position comprises a pigment and a resin emulsion, and, further, the polyvalent metal salt contained in the reaction 
solution is composed of nitrk; add ion or a salt of cartxxxylic add k)n and polyvalent metal k>n. 

This mbodiment is advantageous in that good printing can be realized for a long period without aeating dogging 
of a nozzle with any of the reaction solution and the ink composition. 
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In the sixth aspect of the present invention, the reaction solution comprises a polyvalent metal satt, and the reaction 
solution has a surface tension of not nrK>re than 35 mN/m with the surface tension of the ink composition t>eing40to55 
mN/m. 

This emtxxiiment can provide a good image. Specifically, according to this embodiment, neither significant feath- 
5 ering nor uneven printing occurs. It is also possible to provide a printed image having a high OD value and excellent 
rut>t>ing resistance. Further, this emtxxiiment is suitable for realizing a reduction in size of a recording head and an 
increase in printing speed. 

According to a preferred embodiment of the present invention, the surface tension of reaction solution is 25 to 35 
mNAn with the surface tension of ink corrposition being preferably 40 to 50 mN/m. This enat^les a higfvquality print to 

10 be more stabSy provided regardless of the order of deposition of tfie reaction solution arxJ the ink composition. Accord- 
ing to another preferred embodiment of the present invention, tfie reaction solution and the ink composition each have 
a viscosity at 20^0 in the range of from 1 .5 to 10 mPas, more preferat)ly in the range of from 1 .5 to 6 mPa.s. Further, 
pr^erably, the viscosity of the reaction solution is sut>stantially equal to that of the ink corrposition. For exanrple, the 
viscosity of one of the reaction solution arvJ the ink corrpositkm is brought to 50 to 200% of that of the other ona This 

15 is advantageous in that when both tfie reactk>n solution and the ink compostion are ejected through an ink jet record- 
ing head, the constructton of the recording head, passage, and driving circuit for the reaction solutton may be klentical 
with that for the ink composition. 

In the seventh aspect of the present invention, the reaction solution comprises a polyvalent metal salt, the ink com- 
position comprises a resin emulsion having a disperse phase comprising a thermoplastic resin, and, in addition, the 

20 Step of heating a recording medium after printing to the softening temperature of the thermoplastic resin or a higher 
temperature is provktod. 

Although the step of heating may be conducted simultaneously witii printing, it is preferat)ly conducted a certain 
period after the completion of the printing. This is because the proviskm of a certain period of time between the com- 
pletion of the printing and the initiation of the step of heating enat)les the print to be fully fixed onto ttie recording 

25 medium by virtue of an interaction between the resin emulsion and the polyvalent metal ions. Satisfactory fixation fol- 
lowed t>y heating to form a film of a print can provide a print having better rubbing resistance (for example, line marking 
resistance). Further, ttie emtxxjiment wherein heating is carried out after printing is advantageous in that since the 
recording head can be physically separated from tiie heating means, the heat is less likely to affect the recording head, 
as compared with the embodiment wherein printing and heating are simultaneously carried out. Further, in the embod- 

30 iment wherein heating is carried out simultaneously with printing, the printing speed shouM be, in some cases, 
decreased in order to ensure the time for attaining satisfactory heating effect. By contrast, in the embodiment wherein 
heating is carried out after printing, the heating effect can be increased, for exanrple, by increasing tine heating area, 
offering increased degree of freedom of means usable for increasing the heating effect This offers an additional advan- 
tage that the printing speed can be increased. 

35 The period of time between the completion of the printing and the initiation of ttie step of heating may be suitat)ly 
determined so as to provide the contemplated effect. However, it is generally ak>out 0.1 to 60 sec. preferably about 1 to 
30 sec. 

In the present inventio, when the reaction solution and the ink composition are applied to a recording medium, fhe 
order of applk;ation is not particularly limited. Specifically, the reaction solution may be first deposited onto the recording 
40 medium followed t>y the application of the ink conrposition onto the recording medium with the reaction solution depos- 
ited thereon. Alternatively, otiier methods may be used inducing one wherein the reaction solution ts deposited after 
printing the ink conposition and one wherein the reaction solution and the ink corrposition are mixed togetiier immedi- 
ately k>efbre or immediately after the ejection. 

45 Ruction gQlutipn 

As described above, the reaction solution used in the present invention basically comprises at least a polyvalent 
metal salt or a polyallylamina 

The polyvalent nietal salt usable in the reaction solution is composed of divalent or higher polyvalent metallic ions 
50 and anions and is solut)le in water. Specifk; exanrples of polyvalent nr^etaltic ions include divalent metallic ions, such as 
Ca^\ Cu2+. Ni^^-, Mq^+, Zn^*. and Ba^*, trivalent metallic ions, such as Al^, Fe^. and Cr^. Anions include CT, NO^\ 
r, Br. aOs". and CH3COO-. 

In particular, a metal salt constituted by Ca^**^ or Mg^^ provides favoratile results in terms of pH of ttie reaction solu- 
tion and the quality of prints. 

55 The concentration of the polyvalent metal salt in the reaction solution may be suitat>ly determined so as to attain 
the effect of providing a good print quality and preventing clogging. It, however, is preferably about 0.1 to 40% by weight, 
more prefer^y atXHit 5 to 25% by weight. 

According to the fifth aspect of the present invention, the polyvalent metal salt is composed of divalent or higher 
polyvalent metallic k)ns and nitrate ions or cartx)xytate ions and is soluble in water. 
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Furtherm re. preferably, the cartx)xylate ions are derived from a saturated aliphatic monocart)oxylic add having 1 
to6cartx>natomsoracartx)cyciic monocarl)oxylicacidhaving7to 11 cartx)n atoms. Prefen-ed examples off the satu- 
rated afiphatic monocartx>xylic add having 1 to 6 cartwn atoms indude formic add. acetic add. propionic add. butyric 
add, isobutyric add. valeric add. isovaleric add. pivalic add, and hexanoic add. Among th m. formic add and acetic 
5 add are particularly preferred. 

A hydrogen atom(s) on the saturated aliphatic hydrocarbon residue in the nrwnocartxaocylic add may be substituted 
by a hydroxyl group. Preferred examples of such cartx>xylic adds indude lactic add. 

Preferred examples of the cartxx:ydic nfK>nocart>Qxylic acid having 6 to 10 cart>on atoms indude benzoic add and 
naphthoic add with benzoic add being more preferred. 
10 The polyallylamin^ and polyallylamines derivative usable in the reaction solution are cationic polymers which are 
soluble in water and can be positively charged in water. Such polymers indude, for exanrple. those represented by the 
fdlowing formulae (II). (110 and (IV): 



15 



25 



30 



35 



40 



-t-CH2 CH4;;- 



CH2 (II) 
20 NH2 



-(-CHz CH4- 
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CH2 CH2 



wherein X" represents at least one member selected from chloride, bromide, iodde, nitrate, phosphate, sulfate, acetate 
arxi other bns. 

In addition, a copolymer off an allylamine with a diallylamine and a copolyn^er of cfiallylmethylammnKMiium chloride 
45 with sulfur dioxide may also be used. 

The content of the polyallylamine and the polyallylamine derivative is preferably 0.5 to 1 0% by weight based on the 
reaction solution. 

According to a preferred embodiment off the present invention, the reaction solution may contain a pdyol in addition 
to polyvalent metal salt The polyd has a vapor pressure off not more than 0.01 mmHg at 20"C. The amount of the pdyol 

50 added is such that the weight ratio of the polyol to the polyvalent metal salt is not less than 1 , preferably 1 .0 to 5.0. Fur- 
ther, according to a prefen^ed embodiment off the present invention, the amount of the polyol added is preferably not less 
than 1 0% by weight more preferably about 1 0 to 30% by weight, based on the reaction solution. 

Specific examples of preferred polyols indude polyhydric alcohols, for example, glycerin, diethylene glycol, triethyl- 
ene glycol. 1 .5-pentanedid. and 1 .4-butanediol. Further specific examples of preferred polyols indude saccharides, for 

55 example, monosaccharides, disaccharides, oligosaccharides (induding trisaccharides and tetrasaccharides), and 
other polysaccharides, preferably glucose, mannose, fructose, ribose, xylose, arabinose, galactose, aldonic add, glud- 
tol, sorbitol, maltose, cellobiose, lactose, suaose, trehalose, and maltotriose. 
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These polyols may be added alone or as a mixture of two or mora When the polyots are used as a mixture of two 
or more, the amount of the mixture added is such that the weight ratio of the total amount of the two or more polyols to 
the polyvalent nf>etal salt is not less than 1. 

According to a prefen-ed embodiment of the present Invention, the reaction solution may comprise a wetting agent 
5 comprising a high-lx)iling organic solvent. The high-boiling organic solv nt serves to prevent the reaction solution from 
being concentrated due to evaporation, thus preventing clogging of a recording head. Prefen^ed examples of high-bofl- 
ing organic solvents, some of which are those described above in connection with the polyd. Include polyhydric alco- 
hols such as ethylene glycol, diethylene glycol, triethylene glycol, polyethylene glycol, polypropylene glycol, propylene 
glycol, butylene glycol. 1,2.6-hexanetriol. thioglycol. hexylene glycol, glycerin, trimethylolethane. and trlmethylolpro- 
10 pane; aikyi ethers of polyhydric alcohols, such as ethylene glycol monomethyl ether, ethylene glycol monobutyl ether, 
diethylene glycol monomethyl ether, diethylene glycd nK>noethyl ether, cfietfrylene glycol monobutyl ether, triethylene 
glycol monomethyl ether, and triethylene glycol nrK)noethyl ether, and triethylene glycol monobutyl ether; urea. 2-pyrro- 
lidone, N-methyl-2-pyrrofidone. 1,3-(fimethyl-2-irTndazolidinone, and triethanolamine. 

Although the amount of the high-boiling organic solvent added is not particulariy limited, it preferably about 0.5 
IS to 40% by weight, more preferably about 2 to 20% by weight 

According to a preferred embodiment of the present invention, the reaction solution may comprise a low-lx>iling 
organic solvent. Preferred examples of low-tx>iling organic solvents usable her^n include methanol, ethand, n-propyl 
alcohol, iso-propyl alcohol, n-butanol. sec-butanol. tert-butanol, iso-butanol. and ni>entanol. Monohydric alcohols are 
particulariy preferred. The low-boiling organic solvent has the effect of shortening the time taken for drying the ink. The 
20 amount of the low-boiling organic solvent added preferably in the range of from 0.5 to 1 0% by weight, more preferably 
in the range of from 1 .5 to 6% by weight. 

According to a prefenred embodiment of the present invention, the reaction solution may corrprise a penetrating 
agent Penetrating agents usat)le herein include various surfactants such as anionk;, catiorvc. and amphoteric sur- 
factants; alcohols such as methanol, ethand, and isopropyl akx>hol; and lower alkyl ethers of polyhydric alcohols, such 
25 as ethylene glycol monomethyl ether, diethylene glycol nKXK)ethyt ether, diethylene glycol monotxjtyl ether, triethylene 
glycol monobutyl ether, propylene glycol monobutyl ether, and d'?)ropylene glycol moriobutyl ether. 

More preferred penetrating agents usable in the present inventbn include compounds represented by the following 
formula 1 and lower alcohol ethers of polyhydric alcohols. 

R2 
-C R4 

I 

o 

^iH2 ( I ) 

CH2 
O 

ir- 

50 wherein 0 ^ m + n ^ 50 and R\ R^, R^, and R"* each independently represent an alkyl group. 

Specifk; preferred examples of compouncte represented by the fornwla 1 include OLFINE Y, Surfynol 82, Surfynol 
440, Surfynol 465, and Surfynol 485 (all the above products being manufactured by Air Products and Chemicals Inc.). 
They may be added atone or in a combination of two or more. 

According to a prefen-ed embodiment of the present invention, the reactk>n solution may contain triethanolamine 
55 for pH adjustment purposes. When triethanolamine is added, the anx)unt th«-eof is preferably about 0 to 2.0% by 
weight 

Further, a colorant e.g., yellow, magenta, or cyan colorant, may be added to the reaction solution so that the 
col red reaction solution can serve also as the ink composition described below in the paragraph of "Ink composition.' 
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Ink comtx>STtion 

In the pre&ent invention, the term "ink composition'' refers to a black ink composition in the case of l)lack-and-white 
printing and a color ink composition in the case of color printing, specifically a yellow ink composition, a magenta ink 
5 composition, and a cyan ink composition and, optionally, a biack ink compositkm. 

The ink oomposftk>n used in the present invention comprises at least a colorant arxJ water. 

According to a preferred embodiment of the present invention, the ink composition comprises a resin emulsk>n. The 
term "resin emulsron" used herein refers to an emulswn comprising water as a continuous phase and the following resin 
conrponent as a dispersed phase. Resin corrponents as the dispersed phase include acrylk: resin, vinyl acetate resin, 
10 styrene/butadiene resn, viriyl chloride r^n, (melh)acryiate/styrene resin, butadiene resin, styrene resin, crosslinked 
acrylic resin, crosslinked styrene resin, t>enzoguanamine resin, phenolic resin, silicone resin, and epoxy resin. 

According to a preferred embodiment of the present invention, the resin is a polymer having a oomtxnation of a 
hydrophilic segment with a hydrophobk; segment The particle diameter of the resin component is not partk^ularty lin^ 
fted so far as the resin conrponent forms an emulsfon. It however, ispr^erably not nxxe than atx>ut 150 nm, more pref- 
15 erablyaboutStolOOnm. 

The resin emulsion may be prepared by subjecting a monomer(s) for forming a contenrplated resin to dispersion 
polymerization in water optionally in the presence of a surfactant For exanple, an emulsion of an acrylic resin or a sty- 
rene/acrylic resin may be prepared by subjecting an ester of (meth)acrylic add or alternatively an ester of (meth)acrylic 
add in corTt>ination with styrene to dispersion polymerizatfon in water optionally in the presence of a surfactant. In gen- 
20 eral, the ratio of the resin component to the surfactant is preferably about 10 : 1 to 5: 1. When the amount of the sur- 
factant used falls within the above range, it is possble to provide an ink which has good water resistance in the form of 
an image and good penetrabilrty. The surfaclant is not particularly fimited. Prefenred exanples ttiereof include anionic 
surfactants (for example, sodium dodecylbenzenesuHbnate, sodium laurate and an amnrx>nium salt of a polyoxyethyl- 
ene alkyi ether sulfate); nonionic surfactants (for example, a polyoxyethylene alkyi ether, a polyoxyethylene alkyi ester, 
25 a polycMcyethylene sorbrtan fatty add ester, a polyoxyethylene alkyi phenyl ether, a polyoxyethylene alkylamine, and a 
polyoxyethylene alkylamide). They may be used alone or as a mixture of two or mare. Further, it is also possible to use 
acetylene glycd (OLFINE Y and Surfynol 82, 104. 440, 465. and 485 (all ttie above products being manufactured by Air 
Products and Chemicals Inc.). 

The ratfo of the resin as the component constituting the dispersed phase to water is suitably 60 to 400 parts by 
30 weight based on 100 parts by weight of the resin with 1 00 to 200 parts weight based on 1 00 parts by weig^it of the 
resin, of water being prefen-ed. 

Further, commerdally available resin emulsions may also be used, and examples tiiereof indude Microgel E-1002 
and E-5002 (styrene/acrylic resin emulsfon, manufactured by Nippon Paint Co., Ltd.), Voncoat 4001 (acrylic resin emul- 
sion, manufactured by Dainippon Ink and Chemicals. Inc.), Voncoat 5454 (styrene/acrylic resin emulsion, manufactured 
35 by Dainippon Ink and Chemicals. Inc.), SAE-1014 (styrene/acrylic resin emulsion, manufactured by Nippon Zeon Co.. 
Ltd.), and Saivind SK-200 (acrylk: resin emulsion, manufactured by Saiden Chemical Industry Co., Ltd). 

In the ink used in the present inventfon, the anxxint of the resin emulsion incorporated therein is preferably such 
tiiat the anrxHjnt of the resin component fe in the range of from 0.1 to 40% by weight, more preferably in the range of 
from 1 to 25% by weight 

40 The resin enulsion has the effect of inhibiting the penetration of a coforing corrponent and. furttier. accelerating 
the fixation on the recording medium by virtue of an interaction between the resin eniilsion and the polyvalent metal 
ions or polyallylamine a polyallylamine derivative. Furtiier, some resin emufaions have an additional effect fhaA they 
form a film on the recorcfirig medium to improve ttie rul)bing resistance of the resultant print 

According to a preferred embodiment of the present invention, the ink corrposition may contain a thernrxplastic 

45 resin in the form of a resin emulsfon. In this case, ttie th^moplastic resin has a softening temperature of 50 to 250'*C, 
preferably 60 to 200**C. The term "softening terrperature" used herein refers to the lowest temperature among the glass 
transition temperature of the thermoplastic resin, the melting point of the thernrxpfastic resin, the temperature which 
brings the viscosity of the ttiermoplastic resin to 10^^ to 10^^ poises, the pour point of the thernrxpfastic resin, and ttie 
minimum film forming temperature (MPT) in the form of an emulsion of the thernrxplastic resin. In tiie step of heating 

50 according to the method of the present invention, tfie recording medium is heated to at least the softening temperature 
of the thermoplastic resin. 

Further, pr^erably, the themrioplastic resin, when heated at the softening or melting temperature or a higher tem- 
perature arxj then cooled, forms a strong film having water resistance arxi rut)t>ing resistance. 

Specific examples of water-insoluble thermoplastic resins indude, but not limited to, polyacrylic add, pdymelh- 
55 acrylic add, an ester of polymethacrylic add, polyethyfacrylic add, a styrene/but^iene copolymer, polybutadlene, an 
acrylonitrile/butadiene copolymer, a chloroprene copolymer, a f luororesin, polyvinylkJene f luorkJe, polyolef in resin, cel- 
lulose, a styrene/acrylic add copolymer, a styrene/mettiacrylk; add copolymer, polystyrene, a styrene/acryfantide 
copolymer, polyisobutyl acrylate, pdyacrylonitrile. polyvinyl acetate, polyvinyl acetal, polyamkJe, rosin resin, polyethyl- 
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ene, a polycarbonate, a pdyvinyiidene chloride resin, a cellulosic resin, a vinyl acetate resin, an ethyleneAmyl acetate 
copdynner, a vinyl acetate/(meth)acrylate copolymer, a vinyl chloride resin, polyurethane. and a rosin ester. 

Specific examples off low-molecular weight thermoplastic resins include polyethylene wax. montan wax, alcohol 
wax. synthetic oxide wax, an a-olefflnAnaleic anhydride copolymer, animal and vegetat}le waxes such as camaut»a wax. 
lanolin, paraffin wax, and macrocrystalline wax. 

Known resin emulsions may be used as the above resin emulsion. For example, resin emulsions described in Jap- 
anese Patent Publication No. 1426/1987 and Japanese Patent Laid-Open Nos. 56573/1991. 79678/1991. 
160068/1991, and 18462/1992 as such may be used as the resin emulsion in the present invention. 

Accofding to a preferred entediment of the present invention, the ink composition preferably comprises an alginic 
acid derivative. Preferred examples of alginic add derivatives include alkali metal salts (for example, sodium salt and 
potassium salt of alginic acid), organic acid salts (for example, triethanolamine salt) of alginic add, and ammonium algi- 
nate. 

The amount of the alginic add derivative added to the ink composition is preferably about 0.01 to 1% by weight, 
more preferably about 0.05 to 0.5% by weight 

Although the reason why a good trmge can be formed by the addition of an a^ic add derivative has ntii been 
elucidated yet, it is considered that the polyvalent metal salt present in the reaction solutk>n reacts with the alginic add 
derivative in the ink corrpositbn to vary the dispersed state of the colorant, promoting the fixation of the colorant onto 
th recordirtg mecfium. 

The colorant used in the present invention may be any off a dye arxl a pigment. However, when the penetration off 
the cdoring component in the ink is inhibited by insolUbilization or thickening of the ink composition, the use off a pig- 
ment dispersed in an aqueous medium is advantageous rather than the use of a dye dissolved in an aqueous medium. 

Dyes usable herein indude various dyes comnxmly used in ink jet recording, such as direct dyes, add dyes, food- 
stuff <^es. basic dyes, reactive dyes, disperse dyes, vat dyes, soluble vat dyes, and reactive disperse dyes. 

Regarding the pigment, inorgank; and organic pigments are usable withiout any particular limitation. Examples off 
the inorganic pigment indude, in addition to titanium oxide and iron oxide, cartx>n blacks produced by known processes, 
such as contact, furnace, and thennal processes. Examples off the organic pigment indude azo pigments (induding azo 
lake, insoluble azo pigment, condensed azo pigment, and chelate azo pigment), pdycydic pigments (for example, 
phthalocyanine. perylene, perinone, anthraquinone. quinaaklone, dioxazine, thioindigo. isoindolinone. and quinoph- 
thalone pigmerrts), dye chelates (for example, bask; dye chelates and add dye chelates), nitro pigments, nilroso pig- 
ments, and aniline black. 

/\ccording to a preferred enrtxxfiment off the present invention, the above pigment is preferably added in the form 
of a pigment dispersion prepared by dispersing the pigment in an aqueous medium with the aid of a dispersant or a sur- 
factant. Preferred dispersants indude those commonly used in the preparation of a dispersion of a pigment, for exam- 
ple, polymeric dispersant In this oonnectwn, that the dispersant and the surfactant contained in the dispersion of the 
pigment function also as the dispersant and the surfactant for the ink compositbn will be apparent to a person having 
ordinary skill in the art. 

The anxHint of the pigment added to the ink is preferably about 0.5 to 25% by wdght, more preferably about 2 to 
15% by weight 

/According to a prefen^ed embodiment of the present invention, the ink composition preferably contains an organic 
solvent The organk; solvent is preferably a low-boiling organic solvent, and preferred exanples thereof indude metha- 
nol, elhanol. n-propyl alcohd. iso-propyl akx)hd. n-butand, sec-butand. tert-butanol, iso-fcxjtanol, and n-pentanol. 
Monohydric ateohds are particularly preferred. The low-bdling organic solvent has the effect of shortening the time 
taken for drying the ink. 

Further, according to a preferred emlxxliment of the present inventfon, the ink composition used in the present 
inventbn further comprises a wetting agent comprising a high-boiling aganic solvent Preferred examples off high-tx)il- 
ing organic solvents usable herein indude polyffiydric alcohols such as ethylene glycol, diethylene glycol, triethylene gly- 
col, polyethylene glycol, polypropylene glycol, propylene glycol, butylene glycol, 1 ,2,6-hexanetriol. thioglycd. hexylene 
glycol, glycerin, trimethytolethane. and trimethytolpropane; alkyl ethers of potyhydric alcohols, such as ethylene glycol 
monomethyl ether, ethylene glycol monobutyl ether, diethylene glycol monomethyl ether, diethylene glycd monoethyl 
ether. Methylene glycol monobutyl ether, triethylene glycol monomethyl ether, triethylene glycol monoethyl ether, and 
triethylene glycd monobutyl ether; urea; 2-pyrroIidone; N-methyl-2-pyndkk)ne; 1 .3-dimethyl-2-imidazolidinone; and tri- 
ethanolamine. 

The amount of the we«ing agent added is preferably in the range of from 0.5 to 40% by weight more preferably in 
the range off from 2 to 20% by weight based on the ink. The amount off the low-bdling organic solvent added is prefer- 
ably 0.5 to 10% by weight, more preferably in the range of from 1 .5 to 6% by weight, based on the ink. 

The ink composition used in the present inventk>n may contain a dispersant and a surfactarrt Examples of sur- 
factants usable herein indude various s ur factant s descrtoed above in connection with the resin emulsion. 

According to a preferred emtxxJiment of the present irrvention. th ink corrposition may contain a saccharide. 
Examples of saccharkles usable herein indude monosaccharkJes. disaccharides, digosaccharides Onduding trisac- 
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charides and tetrasacchaiides), and other potysaccharides, preferably glucose, mannose, fructose, ribose, xylose, ara- 
binose, galactose, aldonic acid, gludtol. sorbitol, maltose, cellobiose, lactose, suaose, trehalose, and maltotriosa The 
term "polysaccharide" used herein refers to saccharides, in a broad sense, including substances which widely exist in 
the natural world, such as alglnic acid, a-cydodextrin, and cellulose. 

5 Derivatives of these saccharides include reducing sugars of th atxyv saccharides (for example, sugar alcohols 
represented by the general fbrnnula HOCHgCCHOhflpCKtOH wherein n is an integer of 2 to 5), oxidized sugars (for 
example, aldonic add and uronic acid), amino add, and thiosugars. Sugar alcohols are particularly preferred, and spe- 
cific examples thereof indude maltitol and sort>itol. 

The content of the above saccharide is suitably in the range of from 0. 1 to 40% weight, preferably 0.5 to 30% by 

10 weight based on the ink. 

Further, if necessary, pH adjustors, preservatives, antimolds and the like may be added. 

Ink jet recording apparatus 

15 An ink jet recording apparatus for practtdng the ink j^ recording method according to the present inv^on will now 
be descrbed with r^erence to the accompanying drawings. 

Fig. 1 is a diagram showing an embodiment of an ink jet recording apparatus. In tfiis embodiment, an ink composi- 
tion and a reactk)n solution are aoconrvnodated in a tank arxi fed into a recording head through an ink tut>a Specifically, 
a recording head 1 is comnunicated with an ink tank 2 through an ink tube 3. The interior of the ink tank 2 is partitioned, 

20 and a charrb& for an ink composition, optionally a plurality of chambers respectively for a plurality of color ink compo- 
sitions, and a chanri>er for a reaction solution are provided. 

The recordirig head 1 is nxived along a carriage 4 by means of a timing belt 6 driven t^y a motor 5. On the other 
hand, paper 7 as a recording nr>edium is placed by a platen 8 and a guide 9 at a position fadng the recording head 1. 
In this embodiment, a cap 10 is provided. A suction pump 1 1 is connected to the cap 10 in order to oonductthe so-called 

25 "deaning operation." The ink composition sucked by the pump 11 is resorvoired in a waste ink tank 13 through a tut>e 
12. 

Fig. 2 ^ an enlarged view showing the surface of nozzles for the recording head 1 . In tfie drawing, the surface of a 
nozzle for a reaction solution is irxiicated by 1 b. and a nozzle 21 for ejecting the reaction solution is provided in the Ion- 
grtudinal direction. On the other hand, ttie surface of nozzles for the ink composition is indicated by 1 c and a yellow ink 

30 composition, a magenta ink corrposition, a cyan ink composition, and a black ink composition are ejected respectively 
through nozzles 22, 23, 24 and 25. 

Further, an ink jet recorcOng method using the recording head shown in Rg. 2 will be descrbed with reference to 
Fig. 3. The recording head 1 is nwved in the direction irxiicated by an arrow A. during which time the reaction sdution 
is ejected through the nozzle 21 to form a reaction solution-deposited region 31 in a band form on the recording medium 

35 7. Subsequently, the recording medium 7 is transferred by a predetermined extent in the direction indicated by an arrow 
B, during which time the recorcfing head 1 is nrxived the direction opposite to tfiat indicated by the arrow A and returned 
to the left end of the recording medium 7, and tfie recording head conduct printing using the ink composition on the 
reaction solution-deposited region 31 . thereby forming a print region 32. 

Further, as shown in Rg. 4, in the recordng head 1 . it is also possible to arrange all nozzles in the lateral direction 

40 to construct a nozzle assembly. In the drawing, ejection nozzles for a reaction solution are denoted by 41 a and 41 b^ and 
a yelfow ink composition, a magenta ink composition, a cyan ink composition, and a black ink composition are ejected 
respectively through nozzles 42. 43. 44 ancH 45. In the recording head according to this embodiment the recording head 
1 , when rec^xocated on the carriage, can conduct printing in both directions. Therefore, in this case, printing at a higher 
speed is expected as compared with the case where the recording head shewn in Rg. 2 is used. 

45 Further, when the reaction sdution and the ink composition are preferably adjusted so as to fall within the surface 
tenskxi ranges descrit>ed atxive, a high-quality print can be more stably provided regardless of the order of deposition 
of the reaction solution and the ink composrtioa In this case, even the provisfon of a single ejection nozzle suffices for 
satisfactory results. example, in the drawing, tiie nozzle 41b may be omitted. This can oontritxite to a further reduc- 
tion in size of the head arxJ a further increase in printing speed. 

50 In the Inkjet recording apparatus, the supplement of the ink composition may be carried out by repladng an ink tank 
in a cartridge form. The ink tank may be integral witii the recording head. A preferred embodinrent of an ink jet recording 
apparatus using such an ink tank is shown in Rg. 5. In the drawing, the same members as used in the apparatus shown 
in Rg. 1 have the same reference numerals. In the embodiment shown in Rg. 5, recording heads la ap6 lb are integral 
respectively with ink tanks 2a and 2b. An ink composition and a reaction solution are ejected respectively through the 

55 recording heads 1 a and 1 b. Basically, printing may t>e conducted in the same manner as descrO^ atx]ve in connection 
with the a()paratus shown in Rg. 1. Further, in this embodiment, the recordir^ head la is moved together with the ink 
tank 2a on a carriage 4, while the recording head 1a is moved together with the ink tank 2b on the carriage 4. 

A preferred embodiment of an ink jet recording apparatus wherein a heater for heating a prirrted recording medium 
is further provided is shown in Rg. 6. The embodinrYent shown in Rg. 6 is the same as the embedment shown in Rg. 1 , 



9 



EP0739 743A1 



except that a heater 14 is additionally provided. The heater 14 may be 61 a contact type wherein, in heating the record- 
ing nnedium. it is brought into contact with the recording medium. Alternatively, the heating means may be of a non-con- 
tact type where the recording medium Is heated by applying infrared rays or the like or blming hot air to the recording 
medium. 

5 The reaction solution may be deposited orrto the recording medium by any of an ennlxxliment wttere the reaction 
solution is selectively deposited on only an area where the ink composition is to be deposited and an emtxxiiment 
where the reaction solution is deposited on the whole surface of paper. The former embodiment can minimize the con- 
sumption of the reactkHi solution and. hence, is cost-effective. In this embodiment however, an accuracy is required to 
some extent with respect to the position where kx>th the reaction solutk)n and the ink conrposition are deposited. On the 

10 other hand, for the latter embodiment, the requirement for the accuracy of the position where the reaction solution and 
the ink composition are deposited is relaxed as compared with tfie former errtxxfiment In this errixxliment however, 
since the reaction solutkxi is deposited in a large amount on the whole surface of paper, tfie paper is likely to cause 
curling during drying. For the atxyve reason, the selection of the embodiment may be determined by taking a combina- 
tk>n of the ink composition with the reaction solution into oonsideratioa In the case of the former entxxfiment the dep- 

75 ositionof the reaction solution can be performed t>y ink jet recording. 

Further, according to a preferred embocBm^ of the present inverrtioa the ink jet recording apparatus is preferably 
such tfiat it can accomnxxiate the reaction solution arvJ the ink composition and, regarding the amounts of the ink com- 
position arxi the reaction solution, the ink composition is used up earlier than the reaction solution. 

Furthenntore, according to a preferred embodment of the present invention, an ink tank for use in the ink jet record- 

20 ing apparatus is provided. The ink tank may be of either a replaceable cartridge type or a type where it is integral with 
the reconfing head. In any case, the ink tank is preferably such that it can acconrrnxxJate the reaction solution and the 
ink conrposition and, regarding the amounts of the ink corrposition and the reaction solution, the ink conrposition is 
used up earlier than the reaction solution. 

In ths connection, it should be noted that when the reaction solution is used up earlier than the ink composition, it 

25 is difficult to leam when the reaction solution has been used up t>ecause the reaction solution is usually transparent. 
That is, in ihfe case, that the reaction solution has been used up cannot be learned until the user observes the print and 
notices a deterioration in print quality, making it necessary for the user to always observe the print quality. 

In the ink jet recording apparatus according to the above embodiment, since the ink composition per se is usually 
in a cokxed state, it is possible to leam when the ink composition has been used up. Further, since there is no possfl^ility 

30 ttiat tiie reaction solution is used up eariier than the ink composition, ink jet recording wherein two liquids are printed 
can be stably conducted. The provision of sensor means or the like on the tank section for accommodating the ink com- 
position and the reaction solution is considered effective for observing the consurrption of the liquids. In thfe case, how- 
ever, the mechanism is complicated, in this sense, the above embodiment is advantageous because the use of a simple 
mechanism suffices for the contenplated purposes. 

35 In the above embodiment when a plurality of ink compositions are used, the expression The ink corrposition is 
used tp eariier than the reaction solution" does not necessarily mean ttiat part of the reaction solution shouM remain 
in the tank when all the plurality of ink compositions have been used up so far as part of the reaction solution r^nains 
in the tank when any one of the ink compositions has been used upi However, it is preferred that part of the reaction 
solution remains in the tank when all the plurality of ink compositions have been used up. 

40 

EXAI^PLES 

The present invention will now be described in more detail with reference to the following exarrples. though it is not 
limited to these exanrples only. 

45 
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Example A 
Black inkA-1 

5 





Carbon black MA7 (manulactured by Mitsubishi Kasei Corp.) 


S% by weight 




Styrene/acrylic add copolymer (dispersant) 


1% by weight 


10 


Voncoat 4001 (acrylic resin emulsion, resin component: 50%, 
MFT = 5^0. manufactured by Dainippon Ink and Chemicals. Inc.) 


50% by weight 




Sucrose 


0.7% by weight 




Maltitol 


6.3% by weight 


15 


Glycerin 


10% by weight 




2-Pyrrolidone 


2% by weight 




Ethanol 


4% by weight 


20 


Pure water 


Balance 



Carbon black and the dispersant were mixed together and dispersed by means of a sand mill (manufactured by 
\^sukawa Seisakusho) with glass beads (diameter: 1 .7 mm, amount: 1 .5 times, by weight the arTX)unt of the mixture) 
25 for 2 hr. Thereafter, the glass beads were removed, and the remaining additives were added, and the mixture was 
stinred at room temperature for 20 min and then filtered through a 5-pm membrane filter to prepare an ink for ink jet 
recording. 

Black ink A-2 





Cartx)n black Raven 1080 (manufactured by Columtxan Cartx>n) 


5% by weight 


35 


Styrene/acrylic add copolymer (dispersant) 


1% by weight 


Microgel E-5002 (styrene/acrylic ermjtsion, resin conrponent: 29.2%, 
MFT = about 80**C. manufactured by Nippon Paint Co., Ltd.) 


0.35% t>y weight 




Sucrose 


0.7% by weight 


40 


MaHitol 


6.3% by weight 




Glycerin 


10%by weigfit 




2-Pyrrolidone 


2% by weight 




Ethanol 


4% by weight 


45 


Pure water 


Balance 



50 



55 
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Black ink A-3 



Carbon blade Raven 1080 


S% by weight 


Styrene/acrylic acid copolymer (dispersant) 


1% by weight 


Microgel E-5002 (resin component 29.2%) 


3.5% by weight 


Sucrose 


0.7% by weight 


MaltHol 


6.3% by weight 


Glycerin 


10%by w^ght 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



Black ink 



CI. Food Black 


2% by weight 


Voncoat 4001 (resin component: 50%) 


6% by weight 


2-Pynrolidone 


5% by weight 


Pure water 


Balance 



Black ink A-5 



C.I. Food Black 


2% by weight 


2-Pyrrolidone 


5% by weight 


Pure water 


Balance 
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Black ink A-6 



Carbon black Raven 1080 


S% by weight 


Styrene/acrylic acid copolymer (dispeisant) 


1% by weight 


Sucrose 


0.7% by weight 


Mattitol 


6.3% by weight 


Oycerin 


10% by weight 


2-Pym>lidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



20 Color ink A-1 



2S 


Dye 


Cyan ink C.I. Direct Blue 86 


3% by weight 




Magenta ink C.I. Direct Red 9 


3% by weight 




Yellow ink C.I. Add Yellow 23 


3% by weight 


30 


Liquid medium 




Vbncoat 4001 (resin conrponent 50%) 


2% t>y weight 




Diethylene glycol 


10% by weight 


35 


Surfynol82 


3% by weight 


SurfyndTG 


0.5% by weight 




Pure water 


Balance 



40 
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Color ink A-2 



Pigment 


Cyan ink Pigment KETBLUEEX-1 (manufac- 
tured by Dainippon Ink and Chemicals. Inc.) 


2% by weight 


Magenta ink Pigment KETRED 309 


2% by weight 


Yellow ink Pigment KETYEULOW 403 (manu- 
factured by Dainippon Ink and Chenucals, Inc.) 


2% by weight 


Liquid medium 


Styrene/acrylk; add copolymer (dispersant) 


0.4% by weight 


Vbncoat 4001 (resin component: 50%) 


2% by weight 


Sucrose 


0.7% by weight 


Maltitol 


6.3% by weight 


Gycerin 


10% by weight 


2-Pynolklone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



R^ctron solution A-1 



Magnesium acetate tetrahydrate 


0.5% by weight 


Diethyl^e glycol 


10% by weight 


Pure water 


Balance 



R^dipn SQlMtiQn A-2 



Calcium chk>nde anhydride 


10% by weight 


Diethylene glycol 


10% by weight 


Pure water 


Balance 
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Reaction solution A-3 



Dye 


Cyan ink C.I. Direct Blue 86 
Magenta ink C.I. Direct Red 9 
Yeilow Ink C.I. Acid Yellow 23 


3% t>y weight 
3% by weight 
3% by weight 


Liquid medum 


Calcium chloride anhydride 

Glycerin 

Pure water 


10% by weight 
10%by we^ht 
BalarKB 



The above ink compositions were used in combination with the atxsve reaction solutions to actually conduct prirrting 
by means of an ink jet printer. Tbe resultant prints were then evaluated for the quality and the lika 

Evalgatipn test? pn print 

Evaluation A-1 : Print quality 
(feathering or bleeding) 

Printing was carried out on the following various papers using an ink jet printer MJ-700V2C (manufactured by Seiko 
Epson Corporation). In the printing, the reaction solution was first printed (1 00% duty), and the black ink was then used 
to print a letter. The printing v/as carried out at a density of 360 dpi (dot/in.) with the amount of the ink ejected per dot 
being 0.05 to 0.07 ^g. After drying, the prirrts were inspected for feathering in the letter. 

(1) Xerox P Paper (Xerox Corp.) 

(2) Ricopy 6200 Paper (Ricoh Co. Ltd.) 

(3) Xerox 4024 Paper (Xerox Corpi) 

(4) Neenah Bond Paper (Kimberiy-ClariO 

(5) Xerox R Paper (Xerox Corp.. recycled paper) 

(6) Vkmayuri (Honshu Paper Ca, Ltd.. recced paper) 

The results were as tabulated in Table 1. Regarding the results given in the table, the evaluation criteria are as fol- 
lows. 

O ' Sharp print without any feathering. 
a: Feathering observed, arxJ 

X: Remarkable feathering to render the outline of the letter blurry. 
Ev a luati on A-g : Print quality (00) 

The reflection optical density (OD) of the prints prepared in the above test on the print quality (feathering) was 
measured with Macbeth PCMII (manufactured by Mact>eth). The results were as tabulated in Table 1 . 

Evaluation A-3 : Unevenness of printing 

Printing was carried out on the following various papers using an ink jet printer MJ-700V2C. The printing method 
was the same as descrft>ed abo/e In connection with the evaluatfon of the print quality (feathering). 

(1) Ricopy 6200 Paper (Ricoh Co. Ltd.) 

(2) Canon dry Paper (Canon Inc.) 
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The OD of randomly selected frve points in the print area was measured with Macbeth PCM II. and the average of 
the measured values was determined. This procedure was repeated five times, and the maximum value and the mini- 
mum value in the five average values were determined. When the difference between the maximum value and the min- 
imum vahj is less than 0.4, there is no problem for practical use with the difference beng preferably less than 0.3. The 
5 results were as tabulated in Table 1 . In the results given in the table, the evaluation aiteria were as follcws. 

O : OD (fifference of less than 0.3, 

a: OD difference of 0.3 to less than 0.4, and 

X: OD dfference dt not less than 0.4. 

10 

Evaluation A-4 : Rubbing property 

Printing was carried out on Xerox P paper (manufactured by Xerox Corpi) by means of an Ink jet printer MJ- 
700V2C, and the resultant prints were air-dried for 24 hr. The prints were rubbed with a finger under an environment of 
15 25"C and 50% RH and then Observed by visible inspection lor the presence off a Stain on the print ^ 
tabulated in Table 1. In the table, the evaluationcriteria were as follows. 

Mo stain observed In the print 
a: Slight stain observed in the print with the letter being still legible, and 
20 X: Stain observed in the print rendering the letter iUegbla 

Evaluation A-5 : Color bleeding 

An Inkjet printer MJ-700V2C was used in this evaluation test. The reaction solution was deposited (100% duty) on 
25 the following various papers as a recording paper, and color inks (cyan, magenta, and yellow) (100% duty) and the 
black ink (a letter) were simultaneously printed to examine the prints for the presence of uneven color-to-color mixing In 
the letter boundaries. In this case. In Example A-7, since the reaction solution is a color ink. the reaction solution (100% 
duty) and the black ink (a letter) were sinujltaneously printed. 

30 (1) Xerox P Paper (Xerox Corp.) 

(2) Ricopy 6200 Paper (Ricoh Co. Ltd.) 

(3) Xerox 4024 Paper (Xerox Corp.) 

(4) Neenah Bond Paper (Kimberly-Clark) 

(5) Xerox R Paper (Xerox Corp., recycled paper) 

35 (6) \^n)ayuri (Honshu Paper Co., Ltd., recycled paper) 

The results were as tabulated in Table 1 . In the table, the evaluation aiteria were as follcws. 

O ' No cokx-to-color mixing observed with dear letter boundaries, 
40 a: Feather-like cobr-to<x)lor mixing observed, and 

X: Signifk:ant color-to-color mixing observed rendering the outline off the letter bluny. 
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Table 1 





Black 
Ink 


Color 
ink 


Reaction 
solution 


Evaluation 
1 : Feather- 
ing 


Evaluation 
2:0D 


Evalua- 
tion 3: 
Uneven- 
nessof 
nrintina 


Evaluation 
4: 

Ribbing 
resistance 


Evaluation 

5: 

Cobr bleed- 
ing 


CAoif ifJio r\ i 


A-1 

r\~ 1 








1.40 








Exanple A-2 


A-2 


- 


A-2 


A 


1.38 


o 


o 


- 


Example A-3 


A-3 




A-2 


o 


1.42 


o 


o 




Exanple A-4 


A-4 


— 


A-2 


A 


1.33 


o 


o 




ExanY>le A-5 


A-1 


A-1 


A-2 


o 


1.44 


o 


o 


A 




A-1 


A-2 


A-2 




1.44 


o 


o 


o 


Example A-7 


A-1 




A^ 


o 


1.43 


o 


o 


A 


Comparative 
Example A-1 


A-5 




A-2 


X 


1.26 


A 


A 




Comparative 
Example A-2 


A-6 




A-2 


A 


1.32 


X 


X 




Comparative 
Example A-3 


A-1 




Pure water 


X 


1.20 


A 


A 




Comparative 
Exanrple A-4 


A-1 


A-2 




A 


1.33 


X 


o 


X 



Example B 

Inks were prepared in the same manner as described above in black ink A-1 . 
Black ink B-1 



Carbon black Raven 1080 


5% by weight 


Styrene/acrylic ackl copolymer (dispersant) 


1% by weight 


Microgel E-5002 (styrene/acrylic resin emulsion, resin component 


3.5% by weight 


29.2%, MFT = about 80^C. manufactured by Nippon Paint Ca. Ltd.) 




Sucrose 


0.7% by weight 


MattitDl 


6.3% by weight 


Gycerin 


10% by weight 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 
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Black ink B-2 



CI. Food Black 


2% by weight 


Voncoat 4001 (acrylic resin emulsion resin conponent: 50%, 


6% t>y weight 


MFT = 5**C. manufactured by Dainqppon Ink and Chemicals, Inc.) 




2-Pyrrolidone 


5% by weight 


Pure water 


Balance 



Black ink B-3 



Cart>on black Raven 1080 


5% by weight 


Styrene/acrylic acki copotynter (dispersant) 


1% by weight 


Sucrose 


0.7% by weight 


Mamtol 


6.3% t>y weight 


Glycerin 


10% by weight 


2-Pyn'olidone 


2% tiy weight 


Ethanol 


4% by weight 


Pure water 


Balance 



Col Qf jnk B-1 



Pigment 


Cyan ink Pigment KETBLUEEX-1 (manufactured by Dainippon Ink and Chemicals, Inc.) 
Magenta ink Pigment KETRED 309 (manufactured by Dainqppon Ink and Chemicals, Inc.) 
Yellow ink Pigment KETYELLDW 403 (manufactured by Dainippon Ink and Chemicals. Inc.) 


2% by weight 
2% t>y weight 
2% by weight 


Liquki medium 


Styrenefacrylk; add copolymer (dispersant) 

NAxcoat 4001 (resin component: 50%) 

Sucrose 

Mattitd 

Glycerin 

2-Pyrrolidone 

Ethanol 

Purewat r 


0.4% by weight 
2% by weight 
0.7% by weight 
6.3% by weight 
10% by weight 
2% by weight 
4% by weight 
Balance 
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Reaction solution B-1 



Magnesium acetate tetrahydrate 


2% by weight 


Surfynd 104 (manufactured by Air Products and Chemicals Inc.) 


0.1% by weight 


Diethylene glycol 


10% by weight 


Pure ^ter 


Balance 



Reaction SQlirtion B-g 



Calcium chloride anhydride 


2% by weight 


Diethylene glycol monobutyl ether 


20% by weight 


Diethylene glycol 


10%by weigtrt 


Pure water 


Balance 



Reaction solution B-3 



Calcium chloride anhydride 


5% by weight 


Glycerin 


10% by weight 


Pure water 


Balance 



Reaction solution B-4 



Dye 


Cyan ink CI. Direct Blue 86 
Magenta ink C.I. Direct Red 9 
Yellow ink C.I. Add Yellow 23 


3% by weight 
3% by weight 
3% by weight 


Liquid medium 


Calcium chbride anhydride 
Triethylene glycol nrwnobutyl ether 
Surfynd 465 
Glycerin 
Pure water 


5% by weight 
10% by weight 

1% by weight 
10% by weight 
Balance 
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The above ink conrpositions were i^ed in combination with the above reaction solutions to actually conduct printing 
by means of an ink jet printer. The resultant prints were then evaluated. 

Evaliffltion tests on print 

5 

Evaluation B-1 : Print quality (feathering) 

The evaluation was pertbrmed in the same manner as descrit»€d above in Evaluation A-1 . 
10 Evaluation B-2 : Print quality (OD) 

The evaluation was performed in the same manner as descrit>ed above in Evaluation A-2. 
Evaluation B-3 : Unevenness of printing 

15 

The evaluation was performed in \he same manner as described above in Evaluation A-3, except that the evalua- 
tion criteria were as follows. 

@: OD dfference of less than 0.2, 
20 O' OD cifference of 05 to less than 0.3, and 
a: OD difference of not less than 0.3. 

Ev a lua tion B^ : Rubbing property 

25 The evaluation was performed in the same manner as descrft>ed abcve in Evaluation A-4. 
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Evaluation B-5 : Color bleeding 

The evaluation was performed in the sam manner as described above in Evaluation A-5. 



^ Table 2 



10 




Black 
ink 


Color 
ink 


Reaction 

eniiitinn 

OvlUU VI 1 


Evaluation 
1 ' Feather- 
ing 


Evaluation 
2: OD 


Evaluations: 
Unevenness 
of printing 


Evaluation 
4: 

Rubbing 
resistance 


Evaluation 5: 
Cok)r bleed- 
ing 




Example B- 
1 


B-1 


- 


B-1 


O 


1.42 


® 


O 


- 


15 


Example B- 
2 


B-1 


- 


B-2 


O 


1.42 


® 


o 


- 




CXSuT^Jm D~ 

3 


D~ 1 








1.42 








20 


Example B- 
4 


B-2 


- 


B-2 


A 


1.33 




O 


- 




Example B- 
5 


B-1 


B-1 


B-2 


o 


1.42 




o 


o 


25 


Example B- 
6 


B-1 




B-4 


o 


1.42 




o 


o 




Compara- 
tive Exam- 
ple B-1 


B^ 




B-2 


A 


1.32 


A 


X 




30 


Compara- 
tive Exam- 
ple B-2 


B-1 


B-1 




A 


1.33 


A 


O 





35 

Example C 

Inks were prepared in the same manner as described above in black ink A-1 . 

40 



45 



50 



55 
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uafDon DiacK ma a (maninaciureu py MnsuDisni fx^ei Lrorp.^ 


otd oy weiyiii 


Styrene/acrytic ackl copolymer (dispersant) 


1 » oy weiym 


Voncoat 4001 facrvttc re^n emulsion resin comDonentr 50%. 


50% by weight 


MFT = S'^C. maniitactured by Dainippon Ink and Chemicals. Inc.) 




Sucrose 


0.7% by weight 


Mattitot 


6.3% by weight 


C^ycerin 


10% by weight 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



Black ink C-2 



CartxKi black Raven 1 080 (manufactured by Columbian Caibon) 


5% by weight 


Styrene/^crylic add copolymer (dispersant) 


1% by weight 


Microgel E-5002 (styrene/acrylk; emulsion, resin component: 29.2%. 
MFT = about SO^'C. manufactured by Nippon Paint Ca, Ltd.) 


0.35% by weight 


Sucrose 


0.7% t>y weight 


Maltilol 


6.3% by weight 


Glycerin 


10% by weight 


2-PyrTOlidone 


2% 1:^ weight 


Ethanol 


4% by weight 


Pure water 


Balance 
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Black ink C-3 



Caft>on black Raven 1080 


5% by weight 


Styrene/acrylic add copolymer (dispersarrt) 


1% by weight 


Microgel E-5002 


3.5% by weight 


Sucrose 


0.7% by weight 


MaWtol 


6.3% by weight 


Gycerin 


10% by weight 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



Black ink C-4 



CI. Food Black 


2% by weight 


V6ncoat4001 


6%byw^ht 


2-Pyrrolidone 


5% by weight 


Pure water 


Balance 



Black inKC-5 



C.I. Food Black 


2%bywei^ 


2-Pyrrolidone 


5%byweis^ 


Pure water 


Balance 
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Black inkC-6 



Cartx)n black Raven 1080 


5% by weight 


Styrene/acrylic acid copolymer (dispersant) 


1% by weight 


Suaose 


0.7% by weight 


Maltitol 


6.3% weight 


Gtycerin 


10%byw^ght 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



20 Color ink C-1 



25 


Dye 


Cyan ink C.I. Direct Blue 86 


3% by weight 




Magenta ink C.t. Direct Red 9 


3% by weight 




Yellow ink C.I. Add Yellow 23 


3% by weight 


30 


Liquid medium 




Vbnooat 4001 (resin component: 50%) 


2% by weight 




Diethylene glycol 


10% by weight 


35 


Surfynol82 


3% by weight 


SurfynolTQ 


0.5% by weight 




Pure water 


Balance 



40 



45 



50 
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Pigment 


Cyan ink Pigment KETBLUEEX-1 (manufactured by 
Dainippon Ink and Chemicals, Inc.) 


2% by weight 


Magenta ink Pigment KETRED309 (manufactured by 
Dainippon Ink and Chemicals, Inc.) 


2% by weight 


Yellow ink Pigment KETYELLOW403 (manufactured by 
Dainippon Ir^ and C^hemk^als, Inc.) 


2% by weight 


Liquid medium 


Slyrene/acrylic add copolymer (dispersant) 


0.4% by weight 


Vbncoat 4001 (resin component: 50%) 


2% by weight 


Sucrose 


0.7% t^ weight 


Maltitol 


6.3% by weight 


Glycerin 


10% by weight 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



Reaction solution C-1 



Polyallylamine PAA-CH3COOH-L (resin component: 


2% by weight 


25%, manufactured by Nitto Boseki Co.. Ltd) 




Diethylene glycol 


10% by weight 


Pure water 


Balance 



Reaction solution C-2 



Polyallylamine PAA-Ha-3L (resin component: 50%, 


20% by weight 


manufactured by Nitto Boseki Co., Ltd) 




Diethylene glycol 


10% by weight 


Pure water 


Balance 
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Reaction solution C-3 



s 


Dye ^ 




Cyan ink C.I. Direct Blue 86 


3% by weight 




Magenta ink C.I. Direct Red 9 


3% by weight 


10 


Yeik3w ink CI. Acid Yellow 23 


3% by weight 


Liquid nnedium 




Polyallylamine PAA-10C (resin conr^xment: 
10%. manufactured by Nitto Boseki Co.. Ltd) 


30% by weight 


IS 


Gycerin 


10% by weight 




Pure water 


Balance 



20 The above ink conposHions were used in combtnalion with the above reaction solutions to actually conduct printing 
by nfieans of an ink jet printer. The resultant prints were then evaluated for the print quality and the lika 

^valMatipn teste on print 

25 Evaluation C-1 : Print quality (feathering) 

The evaluation was periormed in the same manner as described above in Evaluation A-1 . 

Evaluation C-2 : Print quality (OD) 

30 

The evaluation was performed in the same manner as described above in Evaluation A-2. 
Evaluation C-3 : Unevenness of printing 
35 The evaluation was periormed in the same manner as descrbed above in Evaluation A-3. 
Evaluation C-4 : Rutibing property 

The evaluation was periormed in the same manner as described above in Evaluation A-4. 

40 
45 
50 
55 
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Evaluation C-5 : Color bleeding 

Ih evaluation was perfornied In the same manner as descnbedabov^ 



Tables 





Black 
Ink 


Cobr 
ink 


Reactk>n 
solution 


Evaluatk>n 
1. reatner- 
ing 


Evaluation 

C.. \J\J 


Evalua- 
tic^ 3i 
Uneven- 
nessoff 
printing 


Evaluation 

Rubbing 
resistance 


Evaluatk)n 

O. 

Color 
bleeding 


Example C-1 


C-1 


- 


C-1 


O 


1.46 


o 


O 


- 


Example C-2 


C-2 




C-2 


A 


1.36 


o 


O 




Example C-3 


C^ 


- 


C-2 


o 


1.42 


o 


O 


- 


example Lr*» 








A 




r\ 

\J 






Example C-5 


C-1 


c-1 


c-2 


o 


1.44 


o 


O 


A 


Example C-6 


C-1 


C-2 


C-2 


o 


1.45 


o 


o 


o 


Example C-7 


c-1 




C-3 


o 


1.43 


o 


o 


A 


Comparative 
Example C-1 


c-5 




C-2 


X 


1^6 


A 


A 




Comparative 
Example C-2 


C-6 




C-2 


A 


1.30 


X 


X 




Comparative 
Example C-3 


c-1 


C-2 




A 


1.33 


X 


X 


X 



Example D 

Inks were prepared In the same manner as described above In black ink A-1 . 
Black ink D-1 



Carbon black MA7 (manufactured by Mitsubishi Kasei Corp.) 


5% by weight 


styrene/acrylic ackl copolymer ammonium salt (molecular weight: 
7,000, resin component: 38%; dspersant) 


3% by weight 


Qandoll PP-1000 (manufactured by Dainippon Ink and Chemicals, 
Inc., styrene/acrylic resin emulsk>n, resin component: 4S%) 


7% by weight 


Maftitol 


7% by weight 


Glycerin 


10% by weight 


2-Pyrroridone 


2% t>y weight 


DUCK ALGIN NSPLL (sodium alginate manufactured by KIBUN 
FOODCHEMIFA CO.. LTD.) 


0.1% by weight 


Ion-exchanged water 


Balance 
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Black ink D-2 



Carbon black Raven 1080 (manufactured by Columbian Carbon) 


5% by weight 


Styrene/acrylic acid copolymer ammonium salt (molecular 
weighft: 7,000, resin component: 38%; dispersant) 


3% by weight 


Voncoat 5454 (manufactured by Dainippon Ink and Chemicals, 
Ina, styrene/acrylic resin emulsion, resin compon^: 45%) 


5% by weight 


Sucrose 


10% by weight 


Glycerin 


10% by weight 


Sodium alginate 


0.2% by weight 


Ion-exchanged mter 


Balance 



Black ink D-3 



Caf1x>n black MA 100 (manufactured by Mi1sut}ishi Kasei Corp.) 


8% by weight 


Styrene/acrylic acid copolymer ammonium salt (molecular 
weight: 7,000, resin component: 38%; dispersant) 


5% by weight 


SG-60 (manufactured by Qffu Shellac Manufacturing Co., Ltd, 
styrene/acrylic resin emulsion, resin component: 41%) 


8% by weight 


Sucrose 


5% by weight 


Glycerin 


10% by weight 


Sodium alginate 


0.05% by weight 


Diethylene glycol 


5% by weight 


Ion-exchanged water 


Balance 



Black ink D-4 



CartxMi black M A7 (manufactured by Mitsubishi Kasei Corpi) 


5% by weight 


Styrene/acrylic add copolymer ammonium salt (molecular 
weight: 7,000, resin component: 38%; dispersant) 


3% by weight 


Grandoll PP-1000 (manufactured by Dain^3pon Ink and Chemi- 
cals, Inc., styrene/acrylic resin emulsion, resin component: 45%) 


7% by weight 


Maltrtol 


7% by weight 


Glycerin 


10% by weight 


2-Pyrrolidone 


2% by weight 


Ion-exchanged water 


Balance 
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Color ink D-1 

A cyan ink composition, a magenta ink compositk>n, and a yellow ink composition wer prepared from the following col- 
orants and liquid medium. A combination of these color ink compositions are designated as "color ink D-1 



Cyan ink Pigment KETBLUEX-1 (manufactured by Dainippon Ink and 
Chemicals. Inc.) 


2% by weight 


Magenta ink Pigment KETRED 309 (manufactured by Dainippon Ink 
and Chemicals. Inc.) 


2% by weight 


Yellow ink Pigment KETYELLOW 403 (manufactured by Dainippon 
Ink and Chemicals. Inc.) 


2% by weight 


Liquid nrtedium 


Styrene/acrylic ackJ copolymer ammonium salt (nrx}lecular weight 
7,000, resin component 38%; dispersant) 


1.5% t>y weight 


Grandoll PP-1000 (manufactured by Dainippon Ink and Chemicals. 
Inc., styrene^crylic resin emulsion, resin component 4S%) 


7% by weight 


MaHitol 


7% by weight 


Gtyc^n 


10% by weight 


2-Pyrrolidone 


2% by weight 


Sodium alginate 


0.1% by weight 


Ion-exchanged water 


Balance 



Color ink D-2 

An cyan ink conposition. a magenta ink composition, and a yellow ink composition were prepared from the follow- 
ing colorants and Ik^ki medium. A combination of these color ink compositions are designated as "color ink D-2." 



Cyan ink Copper phthalocyanine Magenta ink 


2% by weight 


C.I. Pigment Red 122 Yeltew ink 


3% by weight 


C.I. Pigment Yellow 17 Liquid medium 


2% k>y weight 


Styrene/acrylic add copolymer ammonium salt (molecular 
weight: 7.000. resin component: 38%; dispersant) 


1.5% by weight 


Voncoat 5454 (manufactured by Dainippon Ink and Chemicals. 
Inc.. styrene/acrylic resin emulsion, resin component: 45%) 


5% by weight 


Sucrose 


10% by weight 


Glyc^in 


10% by weight 


Sodium alginate 


0.2% by weight 


k>n-exchanged water 


Balance 



Color ink D-3 

An ink compositk>n was prepared in the same manner as described abov in connection with the preparation of the 
color ink D-2, except that sodium alginate was not used. The resultant ink composition was designated as "color ink D- 
3." 
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Reaction solution D-1 



Magnesium rntrate hexahydrate 


25% by weight 


Triethylene glycol monobutyl ether 


5% by weight 


Gycerin 


20% by weight 


Ion-exchanged water 


Balance 



Reaction solution D-2 



Calcium nitrate tetrahydrafte 


10% t>y weight 


Triethylene glycol monotxityl ether 


10% by weight 


Glyc^n 


10% by weight 


Triethylene glycol 


0.9% by weight 


Ion-exchanged water 


Balance 



Reaction solution D-3 



Magnesium acetate tetrahydrate 


20% by weight 


Triethylene glycol nrxxicbutyl ether 


10% by weight 


Glycerin 


10% by weight 


Ion-exchanged water 


Balance 



Reaction solution D-4 



Calcium nitrate tetrahydrate 


5% by weight 


Triethylene glycol monobutyl ether 


10% by weight 


Glycerin 


20% by weight 


Triethanolamine 


0.9% by weight 


Ion-exchanged water 


Balance 
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Evaluation tests on print 
Evaluation D-1 : Circularity 

5 Printing was carried out on two types of papers (Xerox 4024 3R 721 (manufactured by Xerox Corp.) and Xerox R 
(manutectured by Xerox Corp.. recycled paper) by means of an ink jet printer MJ-700V2C (manufactured by Seiko 
Epson Corporation). In the printing, the reaction solution was first printed (1 00% duty), and dots were then printed using 
the ink composition. For comparison, dot printing was directly carried out without printing of the reaction solution. 
The circularity of the dots thus formed by the ink composition w^ determined according to the following equation. 

10 

Circularity = 47cS/(L^) 

wherein S represents the area of the dot and L represents the perimeter of the dot. The circularity was evaluated based 
on tiie following criteria: 

75 

O : Circularity of 1 to 0.9 for both papers, 

a: Circidarity of 0.9 to 0.8 for any one of or both the papers, arxj 

X: Circidarity of less than 0.8 for any one of or both tiie papers. 

20 The results were as tatxjlated in Table 4. 

Evaluation D-2 : Print quality (feathering) 

The evaluation was performed in the same manner as described above in connection with the evaluation A-1 . 

25 

Evaluation D-3 : Color trfeeding 

The evaluation was performed in the same manner as described above in connection with the evaluation A-5. 

30 Evaluation D^ : Print quality (OD) 

The reaction solution was printed (1 00% duty) by means of an ink jet printer MJ-700V2C on tiie papers used in ttie 
above evaluation A-2, and a letter was then printed with the black ink. After drying, the refleclion optical density (OD) of 
the prints was measured witii Macbeth PCMII (manufactured by Macbeth). 

35 



Table 4 





Black 
ink 


Color 
ink 


Reaction 
solution 


Evaluation 1: 
Circularity 


Evaluation 
2: Feathering 


Evaluation 3: 
Color bleeding 


Evaluation 
4: OD 


Example D-1 


D-1 


D-1 


D-1 


o 


O 


O 


1.58 


Example D-2 


D-2 


D-1 


D-2 


o 


O 


O 


1.55 


Example D-3 


D-3 


D-2 


D-3 


o 


O 


O 


1.54 


Example D-4 


D-1 


D-2 


D-4 


o 


O 


O 


1.55 


Exarrple D-5 


D-4 


D-3 


D-1 


A 


O 


O 


1.44 


Comparative 
Example D-1 


D-1 


D-2 




A 


O 


X 


1.35 



50 



Exarrple E 

55 

Gaycerin, diethylene glycol, trieihylene glycol, 1,5-pentanediol, and 1,4-butanediol used in tiie following examples 
arxj comparative exanple had a vapor pressure of not more than 0.1 mmHg at 20°G. 
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A reacti n solution was prepared by mbdng the following ingredients together, stirring th mixture at room temper- 
atur for 1 hr, and then filtering the resultant composition at room temperature by means of suction through a S-jim 
membrane filter. 

5 Reaction solution E-1 





Magnesium nitrate hexahydrate (magnesium nitrate: 14.5% by weight) 


2S% by weight 


10 


Triethylene glycol monobutyl ether 


10% by weight 




Glycerin 


14.5% by weight 




Pure water 


50.5% by weight 


IS 


Wetting agent/salt = 1.00 



20 Reaction solution E-2 





Calcium nitrate telrahydrate (calcium nitrate: 8.2% by weight) 


12% by weight 


25 


Triethylene glycol monobutyl ether 


10% by weight 




Diethylene glycol 


25% by weight 




Pure water 


53% by weight 


30 


Wetting ^ent/salt = 3.05 



35 Reaction solution E-3 





Magnesium acetate tetrahydrate (magnesium acetate: 10% by weight) 


15% by weight 


40 


Triethylene glycol monobutyl ether 


8% by weight 




Triethylene glycol 


10% by weight 




Maltitol 


5% by weight 


45 


Sucrose 


2% by weight 




Pure water 


60% by weight 




Wetting agent/salt = 1.70 



50 



55 
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Calcium acetate monohydrate (calcium acetate: 7. 1% by weight) 


8% by weight 


Triethylene glycol monobutyt ether 


S% by weight 


1.5-Pentanediol 


15% by weight 


Pure water 


72% by weight 


Wetting agents = 2.11 



Reaction soltJtiQn E-5 



Magnesium acetate tetrahydrate (magnesium acetate: 10% by weight) 


1S% by weight 


Triethylene glycol monobutyt ether 


5% by weight 


1,4-Butanediol 


22% by weight 


Pure water 


58% tyy weight 


Wetting agent/salt = 2.2 



Black ink E-1 



Cartxyi black MA7 (manufactured by Mitsubishi Kasei Corp.) 


5% by weight 


Styrene^crylic acid copolymer (dispersant) 


1% by weight 


Voncoat 4001 (acrylk; resin emulsion, resin component 50%, 


30% by weight 


MFT = 5°C, manufactured by Dainippon Ink and Chemicals, Inc.) 




Sucrose 


0.7% by weight 


MaHitoj 


6.3% by weight 


Glycerin 


10% by weight 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



The ink was prepared in the same manner as described atx3ve in black ink A-1 . 
Evaluation tests 

The abcve reaction solutions were evaluated as follows. 
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Evaluation E-1 : Precipitation of salt 

"m reaction solution (1 was spotted on a glass plate, allowed to stand under normal temperature and humidity 
conditions, and then observed for the precipitation of salt 3 days and 7 days after the initiation of standing. As a result, 
for all the examples, the precipitation of salt was not observed both 3 days and 7 days after the initiation of standing. 

Evaluation E-2 : Clogging property 

A head of an ink jet printer MJ-500 (manufactured by Seiko Epson Corp.) was filled with the reaction solution and 
allowed to stand under an environment of AO^'C for one week. Thereafter, cleaning operation was repeated until suc- 
cessful ejection through aD the head nozzles couW be resumed. As a resuft. for all the examples, the number of neces- 
sary cleaning operations was 3 or less. 

Evalwatipn E-3: Curling of paper 

Solid printing of the above reaction solution was carried out by means of an Inkjet printer MJ-500C on the follcwing 
papers (size A4 lor all the papers). 

(1) Xerox P (Xerox Corp.) 

(2) Xerox R pCerox Corp) 

(3) Xerox 4024 pCerox Corpi) 

(4) Yamayuri (Honshu Paper Co.. Ltd.) 

(5) Conqueror (Aijo Wiggins) 

Tbe prints were allowed to stand on a flat surface under normal temperature arxJ humic% conditions, and the 
degree of curlirtg for the papers was measured one hr after the Initiation of standing and 24 hr after the initiatbn of 
standing. Specif wally, the dislance. In a perpendicular directfon, of the paper In its portion, which ts in contact with the 
flat surface, from the top of the curl was measured and evaluated based on the following criteria. 

@: Distance of 0 to 10 mm. and 
O : Distance of 10 to 20 mm. 

The results were as tabulated in Table 5. In this connection, it shoukJ be noted that when the degree of curling is 
not less than 40 mm, the recording paper unfavorably becomes tubular. 



Tables 



Ejonple 


Evaluation 3: Curling of paper 




Afterl hr 


After 24 hr 


E-1 


@ 


O 


E-2 


@ 


® 


E-3 


© 


O 


E-4 


© 


O 


E-5 


© 


© 



Ev a luatio n Feathering of print 

The reaction solutions and the black Ink E-1 Indicated In the examples were printed by means of an ink jet printer 
MJ-500C (manufactured by Seiko Epson Corporation) to inspect whether or not feathering occurred. 

The f ive plain papers as used in Evaluatbn E-3 wer used as the recorcfing paper. As a result, for all the recording 
papers, signifk^ant feathering, which det ri rates the image quality, was not observed In th prints. 
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Example F 
Black ink F-1 



Cartxxi black MA7 (manulactured by Mitsubishi Kasei Corp.) 


5% by weight 


Styrene/acrylic add copolymer (dispersant) 


1% by weight 


Voncoat 4001 (acrylic resin emulsion resin component 50%, 


30% by weight 


MPT = S^'C, manufactured by Dalnippon Ink and Chemicals, Inc.) 




Sucrose 


0.7% by weight 


Mamtol 


&3% by weight 


Glycerin 


10% by weight 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 



The ink was prepared in the same manner as described abcve in black ink A-1 . 

A reaction solution having the following conrposition was prepared by mixing the following ingredients together, stir- 
ring the rraxture at room temperature for 1 hr, and then filtering the resultant composition at room temperature by means 
of suction through a 5-fim membrane filter. 

Reaction gpiMnon f-i 



Magnesium nitrate hexahydrate 


25% by weight 


Triethylene glycol nxwrobutyl ether 


10% by weight 


Glycerin 


20% by weight 


Triethanolamine 


0.9% by weight 


Pure water 


Balarx:e 



Reaction solution F-2 



Magnesium nitrate hexahydrate 


5% by weight 


Triethylene glycol monotxityl ether 


10% by weight 


Glycerin 


10% by weight 


Triethanolamine 


0.9% by weight 


Pure water 


Balarice 
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Reaction solution F-3 



Magnesium acetate tetrahydrate 


20% by weight 


Triethytene glycol monobutyl ether 


10% by weight 


Glycerin 


10% by weight 


Pure water 


Balance 



Reaction solution F-4 



Calcium nitrate tetrahydrate 


10% by weight 


Triethylene glycol nfK>nobutyl ether 


10% by weight 


Glycerin 


10% by weight 


Triethanolamine 


0.9% by weight 


Pure water 


Balance 



Reaction solution F-5 



Calcium lactate pentahydrate 


2% by weight 


Triethylene glycol nrK>nobutyt ether 


10% by weight 


Glycerin 


20% by weight 


Triethanolamine 


0.5% by weight 


Pure water 


Balarx^e 



Reaction solution F-6 



Calcium formate anhydride 


5% by weight 


Triethylene glycol nKXX)butyl ether 


10% by weight 


Glycerin 


20% by weight 


Triethanolamine 


0.9% by weight 


Pure water 


Balance 
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Reaction solution F-7 



Magnesium benzoate trihydrate 


2% by weight 


Triethylene glycol nnonobutyl ether 


10% by weight 


Glycerin 


10% by weight 


Triethanoianv'ne 


0.5% by weight 


Pure water 


Balance 



Reaction solution F-8 



Calcium chloride anhydride 


10% by weight 


Triethylene glycol monobutyl ether 


10% by weight 


Glycerin 


20% by weight 


Triethanolamine 


0.9% by weight 


Pure water 


Balance 



Reaction solution F-9 



Magnesium sulfate heptahydrate 


10% by weight 


Triethylene glycol monobutyl ether 


10% by weight 


Glycerin 


20% by weight 


Triethanolamine 


0.9% by weight 


Pure water 


Balance 



Evaluation tests on print 

Evaluation F-1 : Print quality (feathering) 

The evaluation was performed in the same manner as described above in Evaluation A-1 . except that the printing 
was carried out at a density of 360 dpi (dot/in.) with the amount of the ink ejected per dot being 0.1 1 to 0. 1 3 ^g. 

Evaluation F-2: Print quality (OD) 

The evaluation was performed in the same manner as descrik>ed above in Evaluation A-2, except that the prints 
obtained in the e/aluation F-1 were used. 
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Evaluation F-3 : Unevenness of printing 

The evaluation was perfornned in the sanrte nnanner as described above in Evaluation A-3. 
5 Evaluation F^ : Clogging property 

A head of an ink jel printer MJ-700V2C was f Qled with a predetennined ink. and alphanumeric characters virere con- 
tinuously printed for 10 min. Thereafter, the printer was stopped and allowed to stand without capping under an envi- 
ronment of 40**C and 25% Rh for one week to one month. Thereafter, the printing of alphanumeric characters was 
10 resumed. In this case, the mrrber of cleaning op^tions necessary for provicfing prints having a quality equal to the 
prints t>efore standing was determined and evaluated based on the following criteria. 

@:0to2tinr)es, 

0: 3 to 5 times, and 

X: ImpoGSible to provide prints having a quality equal to the quality of the print before standing even after 6 or more 
15 repeated cleaning operations. 



Table 6 



Example 


Reaction 
solution 


Evaluation 
1: Feather- 
ing 


Evaluation 
2:0D 


Evaluation 3: 
Unevenness 
of printing 


Evaluation 4: Clogging prop- 
erty 












1 week 


2 weeks 


1 month 


F-1 


F-1 


O 


1.54 


o 


® 


@ 


® 


F-2 


F-2 


O 


1.41 


A 


® 


® 


® 


F^ 


F-3 


o 


1.55 


o 


® 


@ 


© 


F-4 


F-4 


o 


1.46 


o 


@ 


@ 


® 


F-5 


F-5 


A 


1.37 


o 


® 


@ 


o 


F-6 


F-6 


o 


1.43 


o 


® 


@ 


o 


F-7 


F-7 


A 


1.36 


A 


® 


@ 


® 


F-8 


F-8 


o 


1.55 


o 


O 


X 


X 


F-9 


F-9 


o 


1.41 


A 


O 


X 


X 



Example G 

Reaction solutions and the ink compositions were prepared according to the following fornulations. Specif icalty, the 
foltowing ingredients were mixed together. In the case of ink compositions, however, a dispersbn of a pigment was pre- 
45 vKHisly prepared with the aid of a dispersant and mixed with other ingredients. The mixture was stirred with heating at 
eO^'C for one hr. and the resuftant conposition was filtered at room temperature by means of suction through a 5-^ 
membrane filter to prepare a reaction solution or an ink composition. 



50 



55 



38 



EP0739743A1 



Reaction solution G-1 



Magnesium aceftate tetrahydrate 


2% by weight 


Surfynol 465 (manufactured by Air Product and Chemicals, Inc.) 


0.8% by weight 


Diethylene glycol 


10% by weight 


Pure water 


Balance 


Viscosity: 1 .6 mPa.s 




Surface tension: 29 mN/m 





Reaction solution G-2 



Calcium chloride anhydride 


2% by weight 


Diethylene glycol nrxxicbutyl ether 


20% by weight 


Diethylene glycol 


10% by weight 


Pure water 


Balance 


Vtscosrty: 3.6 mPa.s 




Surface tension: 32 mN/m 





Reaction solution G-3 



Calcium nitrate tetrahydrate 


5% by weight 


Triethytene glycol nnonobutyl ether 


10% by weight 


Surfynol 465 


1% by weight 


Glycerin 


10% by weight 


Pure water 


Balance 


Viscosity: 2.6 mPa.s 




Surface tension: 31 mN/m 





39 



EP0 739 743A1 



Reaction solution G-4 



Calcium chloride anhydrid 


2% by weight 


Glycerin 


35% by weight 


1-Propanol 


10% by weight 


Pure water 


Balance 


Viscosity: 5.8 mPas 




Suriace tension: 35 mN/m 





15 

Black inkG-1 



CI. Food Black 2 


2% by weight 


Voncoat 4001 (acrylic resin emuteion, resin oompcHient: 50%, 
MFT = 5^0. manufactured by Dainippon Ink and Chemicals, Inc.) 


6% k>y weight 


2-Pyrrolidone 


5% t)y weight 


Pure water 


Balance 


Vscosity: 1.6 mPa.s 
Surtace tension: 55 mNAn 



Black ink G-2 

35 



Carbon black Raven 1080 


5% by weight 


Styrene/^crylic add copolymer (dispersant) 


1% by weight 


Microgel E-5002 (styrene^acrylic resin emulsion, resin component: 
29.2%. MFT = about 80**C. manufactured by Nippon Paint Ca, Ltd.) 


3.5% by weight 


SuCTOse 


0.7% by weight 


Maltitol 


6.3% by weight 


Glycerin 


10% by weight 


2-Pyrrolidone 


2% by weight 


Ethanol 


4% by weight 


Pure water 


Balance 


Viscosity: 3.6 mPa.s 
Surface tenskni: 50 mN/m 
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V/cuiA^il Lttabn rntv il lUOU 


5% bv weiaht 


Styrene^crylic acid copotymer (dispersant) 


1% by weight 


Microgel E-5002 (styrene/acrylic resin emulsion, resin component: 
29.2%, MFT = about SO'^C. manufactured by Nbpon Paint Ca, Ltd.) 


3.5% by weight 


Mattitol 


3% by weight 


Gtycerin 


10% by weight 


1-Propanol 


S% by weight 


Pure water 


Balance 


Viscosity: 2.6 mPa.s 
Surface tension: 40 mWn\ 



Black inkG-4 



Cartx>n black Raven 1080 


5% by weight 


Styrene^crylic acid copolymer (dispersant) 


1% by weight 


Mk^rogel E-50Q2 (styrene^acrylic resin emulsion, resin component 
29.2%, MFT = about 80*C. manufactured by Nippon Paint Ca. Ltd.) 


3.5% by weight 


MattitDl 


15% by weight 


Glycerin 


10% by weight 


Pure water 


Balance 


Viscosity: 5.8 mPa.s 
Surface tension: 58 mN/m 



Evaluation tests on print 

Evaluation G-1 : Print quality (feathering) 

The evaluation was performed in the same manner as described above in Evaluation A-1 . 
Evaluation G-2 : Print quality (OD) 

The evaluation was performed in the same manner as described at>ove in Evaluation A-2. 
Evaluation G-3 : Unevenness of printing 

The evaluation was performed in the same manner as described above in Evaluation B-3. 
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Evaluation G-4 : Rubbing property 

The evaluation was performed in the same manner as descn'bed above in Evaluation A-4. 

Table 7 



Example 


Reaction 
solution 


Black 
ink 


Evaluation 
1: Feathering 


Evaluation 
2:0D 


Evaluation 3: Uneven- 
ness of printing 


Evaluation 4: 
Rubbing resistance 


Q-1 


G-1 


Q-1 


A 


1.33 


@ 


o 


G-2 


G-2 


G-2 


o 


1.42 


@ 


o 




G-3 


03 


o 


1.42 


® 


o 


04 




G4 


o 


1.45 


o 


A 



Example H 

20 

Black inkH-1 



25 


Cartxxi black Raven 1080 (manufactured by Columbian CartXHi) 


5% by weight 




Styrene/acrylic acid copolymer (dispersant) 


1% by weight 




Microgel E-5002 (styrene/iacrylic resin emission, resin component: 


10% by weight 




29.2%. MFT= about 80°C, manufactured by Nippon Paint Ca. Ltd.) 




30 


Sucrose 


0.7% by weight 




Maltitol 


6.3% by weight 




Glycerin 


10% by weight 


35 


2-Pyrrolidone 


2% by weight 




Ethanol 


4% by weight 




Pure water 


Balance 



The ink was prepared in the same manner as described above in black ink A-1 . 

A reaction solution having the following composition was prepared by mixing the following ingredients together, stir- 
ring the mixture at room temperature for 1 hr, and then filtering the resultant compositfon at room temperature by means 
of suction through a 5-^ membrane filter. 

Ruction splutipn H-1 



50 


Magnesium nitrate hexahydrate (magnesium nitrate: 14.5% by weight) 


25% t>y weight 




Triethyl^e glycol monobutyl ether 


10% by weight 




Glycerin 


14.5% by weight 


55 


Pure water 


Balance 
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Evaluation tests on print 

Printing was carried out on the following various papers using an ink jet printer MJ-700V2C (manufactured by Seiko 
Epson Corporation). In the printing, the reaction solution H-1 was first printed (100% duty), and the black ink was used 
to print a letter. In this case, for both the reaction solution H-1 and the Ink H-1 , the anwunt of the ink ejected per dot was 
0.05 to 0.07 ^ig with the density being 360 dpi (dot/In.). In the step of heating, the heating method and temperature wer 
varied as described below and as indicated in the table below. 
Papers for printing test: 

(1) Xerox P Paper (Xerox Corp.) 

(2) Ricopy 6200 Paper (Ricoh Co. Ud.) 

(3) Xerox 4024 Paper (Xerox Corp.) 

(4) Neenah Bond Paper (Kimberty-Clari^) 

(5) Xerox R Paper (Xerox Corp., recycled paper) 

(6) \kmayuri (Honshu Paper Ca, Ltd., recycled paper) 

The heating temperature and method were as foltows. 

Exan^^e H-1 : The print was passed ever a heat roller of 150*C at 10 cm/sec. 

Example H-2: Warm air of 170°C was bk)wn against the print 

The resultant prints were evaluated for the rubbing resistance and the print quality as follows. 
Further, as Comparative Example H-1 , the above black ink alone was printed, and the print was heated in the same 
manner as in Example H-1 and then evaluated in the same manner as in Example H-1 . 

Evaluation H-1 : Rubbing resistance test (line marking resistance) 

The printed letter was mbbed with a water-base yellow fluorescent marker pen (ZEBRA PEN 2 (trademari^) man- 
utactured by ZEBRA at a maridng force of 4.9 x 10^ IMAn?, and the degree of slain in the yellow area was obsen^ed. The 
results were evaluated t>ased on the following criteria. 

No stain created by marking twice, 
a: No stain created by marking once with some paper being stained by marking twk^ or more, and 
X: Some paper stained by marking once. 

Evaluation H-2 : Print quafity (OD) 

The r^lectton optfcal density (OD) of the prints was measured with Macbeth PCMII (manufactured by Macbeth). 
The results were as tabulated in Table 8. 



Tabled 





Reaction 
solution 


Black 
ink 


Heat 
temp. 


Evaluation 1 : 
Rubbing resetance 


Evaluation 
2: OD 


Example H-1 


H-1 


H-1 


150°C 


o 


1.44 


Example H-2 


H-1 


H-1 




o 


1.44 


Comparative Example H-1 




H-1 


150"C 


X 


1.22 



Claims 

1. An Inkjet recording method comprising the step of depositing a reaction solution and an ink composition onto a 
recorcfing medium. 

wherein the reaction solution comprises a polyvalent metal salt, and 
wherein the ink composition comprises a pigment and a resin enrujision. 

2. An ink jet recording method comprising the step of depositing a reaction solution and an ink composition onto a 
recording medium. 
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wherein the reaction solution comprises a polyaltylamine or a derivative thereof, and 
wherein the ink connposition comprises a colorant and a resin emulsion. 

3. An ink jet recording method comprising the step of depositing a reaction solution and an ink composition onto a 
5 recorcfing otedium. 

wherein tiie reaction solution comprising a polyvalent metal salt and 

wherein the ink composition comprises a colorant and an alginic acid derivative. 

4_ The ink jet recorcfing metiiod according to daim 3. wherein the alginic acid derivative is an alkali metal salt of alginic 
10 add or an ammonium salt of alginic add. 

5. TTie ink jet recording mettxxJ accading to daim 3, wrtierein the ink conrposition comprises 0.01 to 1 % by weight of 
the algink; add derivative 

15 6- The ink jet recording method according to daim 3. wherein the ink composition comprises a cokxant an organic 
solvent water, and a resin emulsion. 

7_ An ink jet recording method compr^ng the step of depositing a reaction solution and an ink composition onto a 
recorcfing medium, 

20 wherein the reaction solution comprises a polyvalent metal salt and a pdyol having a vapor pressure of not more 
than 0.01 mmHg at 2a*C. wherein the content of the polyol is such that the weight ratio of tiie polyd to the polyva- 
lent metal salt is 1 a more, and 

wherein the ink composition comprises a colorant arxi a resin emulsion. 

25 a The ink jet recording method according to daim 7, wherein the polyol is selected from glycerin, diethylene glycol, 
triethylene glycol, 1,5-pentanedk>l, 1 ,4-butanediol, and a saccharide 

9. The ink jet recorcfing metixxl according to daim 7 or 8, wherein the ink composition comprises not less than 10% 
by waght of the polyol. 

30 

ID. An ink jet recording method comprising the step of depositing a reaction solution and an ink composition onto a 
recorcfing medium. 

wherein the reaction solution conprises a polyvalent metal salt and has a surface terreion of not more than 35 
mM/m, arxJ 

35 wherein the ink composition conprises a colorant and has a surface tension of not more tiian 40 to 55 mN/m. 

1 1 . The ink jet recording method according to daim 1 0, wheran the reaction soluticm has a surface tenskxi of 25 to 35 
mN/m and the ink composition has a surface tension of 40 to 50 mNAn. 

40 12. The ink jet recording mettuxJ according to daim 10, wherein the reaction solution and ttie ink composition each 
have a viscosity of 1.5 to 10 mPa.s at 20^0. 

13. An ink jet recording method compreing the step of depositing a reaction solution arxJ an ink conposition orrto a 
recorcfing medium, 

45 wherein the reaction solution comprises a polyvalent metal salt, and 

wheran the ink composition comprising a colorant, water, and an enrulsion of a thermoplastic resin. 

ttie method furttier corrprising the step of healing the recording medium with the ink composition deposited 
thereon to the softening temperature of tiie thernrwplastic resin or a higher temperature 

50 14. The ink jet recording method according to daim 13. wherein ttie step of heating carried out a given period after 
the deposition of ttie droplete of the ink corrposition onto the recorcfing medium. 

15. The Inkjet recording mettiod according to daim 13, wherein ttie heating temperature is at least ttie film forming 
temperature of the resin emuteion. 

55 

1 6- The ink jet recording mettiod accorcfing to any one of daims 1 to 1 5. wrherein ttie polyvalent metal salt is composed 
of nitric acid k>n or a salt of carboxylic add ion and polyvalent metal ion. 
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17. TTi ink jet recording method according to daim 16, wherdn the caiboxytic acid ion is derived from a saturated 
aliphatic monocarlxBcylic acid having 1 to 6 cartxxi atoms (wherein a hydrogen atom(s) on the saturated aliphatic 
hydrocarbon residue of the monocarlxjxylic add may be substituted by a hydroxyi group) or a cartx>cydic mono- 
carboxylicadd having a 6to 10 cart)on atoms. 

18. The ink jet recording metftod according to any one of daims 1 to 15, wherein the reaction solution comprises trieth- 
ylene glycol morx)butyl ether arxl glycerin. 

19. The ink jet recording method accorcfing to any one of claims 2 to 15, wherein the cobrarrt contained in tfie ink com- 
position is a pigment 

20. The Inkjet recording method according to any one of daims 1 to 1 5, wherein the reaction solution is a color ink con- 
taining a colorant selected from yeDcw. cyan, and magenta colorant 

21 . The ink jet recording method according to any one of claims 1 to 1 5, wherein the reaction sdution contains a pen- 
etrating agent 

22. The ink jet recording method according to daim 21, wherein the penetrating agerrt is a compound represented by 
the following formula (I) and/or a tower akx)hol ether of a potyfiydric alcohol: 




wherein 0 ^ m + n ^ 50 and R\ R^, R^, and each independently represents an alkyl group. 

23. The ink jet recording method accorcfing to daim any one of daims 1 to 15, wherein the reaction solution is first 
deposited onto the recording medium and the ink corrposition is then deposited onto the recording mecfium. 

24. The ink jet recording method according to daim any one of daims 1 to 15, wherein the ink composition is first 
deposited onto the recording medium and the reaction solution is then deposited onto the recording medium. 

25. The ink jet recording method accorcfing to any one of daims 1 to 1 5. wherein the reaction sdutbn and the ink com- 
position are mixed together immedately befae or immediately after the ejection and the resultant mixture is printed 
onto the recording medium. 

26. A printed nrtedium obtained by an ink jet recording method according to any one of daims 1 to 15. 

27. A reaction solution used in an ink jet recording method wherein a reaction solutton and an ink composition are 
deposited onto a recording medium to conduct printing, the reaction solution comprising a polyvalent metal salt and 
a polyol having a vapor pressure of not more than 0.01 mmHg at SO^'C, the content of the polyot being such that the 
weight ratio of the pdyol to the polyvalent metal salt is 1 or nxxe. 
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28. The reaction solution according to daim 27, wherein the potyol is selected from glycerin, diethylene glycol, triethyt- 
ene glycol^ 1.5i:>entanediol, 1,4-butanediol, and a saccharida 

29. The reaction solution according to daim 27 or 28, wherein th content of the polyol not less than 1 0% by weight. 

30. An Ink jet recording apparatus for practidng an ink jet recording method wherein a reaction solutkKi and an ink 
composition are deposited onto a recording medium, comprising: 

means for depositing a reaction solutk>n onto a recording mecfium; 

ink jet recording means for fonning droplets of an ink composition and depositing the droplets onto the record- 
ing medium; and 

heating means for heating the recording medium with the droplets of the ink composition deposited thereon. 

31. An ink jet recording apparatus for practidng an ink jet recording method wherein a reaction solution and an ink 
conrposition are deposited onto a recording medium, wherein the reaction sdution and the ink composition is 
accommodated in the apparatus in such amounts that the ink composition is used i4> earfier tiian the reaction sdu- 
tion. 

32. An ink tank for mounting in an ink jet recofding apparatus for practidng an ink jet recording method wherein a reac- 
tion sdution and an ink composition are deposited onto a recording medium. 

wherein the reaction solution and the ink composition is acconvnodated in the apparatus in such amounts that tfie 
ink composition is used up earlier than the reaction solution. 

33. The ink tank according to daim 32, which is integral with an ink jet recording head. 
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